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ABSTRACT

Aim: The purpose of this study was to develop an instrument-Smart Virtual Physical Therapist
(SVPT) that assess the pinch grip strength and its measurement was recorded on a Smartphone
application, and to validate Smart Virtual Physical Therapist device with standard pinchometer
device.

Method: Observational study was carried out on 40 patients having neurological condition and grip
affection of 20-70 years of age. Measurement of pinch grip strength was done with SVPT device and
pinchometer between pulp of thumb and pulp of index finger, middle finger, ring finger and little
finger. The measurement was recorded in kilogram. Measurements were done once with right hand
and then with left hand.

Results: Mean values for pinch grip by SVPT device for index, middle, ring and little finger of right
hand were 1.92kg, 1.74kg, 1.40kg, 1.11kg and left hand were 1.84kg, 1.71kg, 1.43kg, 1.04kg
respectively. In addition to it mean values by pinchometer for index, middle, ring and little finger of
right hand were 3.02kg, 2.87kg, 2.17kg, 1.61kg and left hand were 2.84kg, 2.94kg, 2.28kg, 1.62kg
respectively. K value for index, middle, ring and little finger of right and left hand was 0.2. There
were 25% of people who were unable to do pinch grip using pinchometer.

Conclusion: Smart Virtual Physical Therapist device can’t be replaceable with the standard baseline
pinchometer to assess the grip strength. But it is a valid tool to measure pinch grip strength in
neurological patients due to greater height of pressure sensor of SVPT device for pad to pad grip.
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INTRODUCTION

The human hand is capable of
performing grasping objects and manual
dexterity. Functionally thumb and index
finger are of more importance because of its
musculature, strength, and interaction with
other digits. The hand is very important for
various types of grips necessary in activities
of daily living. !

The grip is defined as a ‘forceful act
resulting in flexion at all the joints of the

fingers along with thumb when used as a
stabilizer to the object being held between
the finger and the palm.” Grip strength is
referred to as a reliable and valid objective
parameter to evaluate the functional
integrity of the hand as part of the
musculoskeletal ~ system.”)  Grips  are
classified into two i.e. power grip and
precision grip. Power grip includes
cylindrical grip, spherical grip, hook grip,
and fist grasp.'*! Precision grip includes pulp
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to pulp pinch grip, tip to tip grip, pulp to
side prehension, and three fingered pinch.
Precision grip is used for activities that
require accuracy. The estimated use of pulp
to pulp Pinch is 20% for activities of daily
living.

It is prominently accepted that grip
and pinch strength measurements provide an
objective index of the functional integrity of
the upper extremity.”! Pinchometer is used
to quantify the finger pinch strength.

Recent studies have attempted to
provide a definitive picture of the difference
between dominant and non-dominant hand
strength. Crosby et al investigated
normative values of handgrip, pulp and key
pinch and claimed that the population as a
whole demonstrated significant differences
between the dominant and non-dominant
hands.” In their study, hand grip and pulp
pinch strengths were 6% and 5% higher for
the dominant hand respectively.

Additionally, there are other studies
which have reported influence of several
factors on grip strength. Nurgul et al.™
reported that the dominant hand is stronger
in right-handed individuals but no such
difference was observed in individuals with
left hand dominance. Kuzala et al.!") did a
study to determine the effect of various
elbow positions on grip strength and
concluded that grip strength to be highest in
elbow extension and lowest in full flexion.

Though the reference values are
available from western populations, it would
not be appropriate for use in an Indian
setting, due to variations in genetic,
environmental and nutritional factors which
influence grip and pinch strength. %!

Very few studies are available on
Indian population that have given normative
values for grip, tip, palmar and key pinch
strength in an attempt to explore the
association of grip strength with specific
factors, namely age, relevant anthropometric

surgical procedures.t) 1t also assesses
patients’ initial limitations and provides a
baseline for re-assessment of patients’
progress. Normative data are required to
interpret, set realistic treatment goals and
assess ability to return to employment. ©*

Dinesh Sorani et al. conducted a
study to estimate the reference values for
cylindrical grip strength in  Gujarati
population and to estimate the reference
values for pinch grip strength in Gujarati
population. They found that grip strength is
higher in males compared to females. Hand
dominance also affects grip strength.™*?

Mathiowetz et al., did a study to
evaluate Grip and Pinch  Strength:
Normative Data for Adults and it was
concluded that the highest grip strength
scores occurred in the 25 to 39 age groups.
A high correlation was seen between grip
strength and age, but a low to moderate
correlation between pinch strength and
age.”’

César Fernandez-de-las-Pefias et al.,
did a study to investigate differences in fine
motor control ability and pinch grip force
between patients with unilateral CTS and
healthy controls. It revealed that patients
with unilateral CTS exhibit bilateral deficits
in fine motor control ability and pinch grip
force in patients with unilateral moderate
CTS when compared to controls.™!

The standard baseline pinchometer is
a valid tool to measure pinch strength in
normal individuals but it has some
limitations while measuring pinch strength
in neurological patients because in them
they are not able to do pad to pad contact as
height of pinchometer is less. Whereas, in
SVPT device height of pressure sensor
which measures pinch strength is more so it
becomes easy for the neurological patients
to do pad to pad contact.™*

So, the purpose of the present study
is to develop SVPT device that assess the

factors, level of physical activity and pinch grip strength in neurological patients
profession.[***?! and its measurement will be recorded with a
Evaluation of these grips and wireless device on a Smartphone
pinches is important in determining the application.
effect of different treatment strategies and
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MATERIALS AND METHODS
Study design: Observational study

In the present study 40 patients
having neurological condition and grip
affection with age group of 20-70 years
from Govt. Physiotherapy College OPD,
Jamnagar, India were selected by simple
convenient sampling. All subjects were
informed about the purpose of the study and
signed informed consent was taken from the
patients. The demographic data like age,
height, weight and hand dominancy was
recorded for each subject.
Inclusion criteria: Both male and female
subjects of 20 to 70 years, who were able to
understand the technique and willing to
participate in the study were taken.
Neurological conditions that were included
in the study were stroke (21 patients),
Guillian Barre Syndrome (2 patients),
partial spinal cord injury having paraplegia
(3 patients), patients having compression
neuropathy of median nerve. (5patients),
cervical myelopathy (1 patients) and
cervical radiculopathy (8 patients). Patients
were assessed clinically using pinchometer.
From it patients having poor pinch grip or
those who were unable to do pad to pad grip
using pinchometer were included in the
study. The subjects with history of upper
limb fractures, wrist drop, claw hand and
erbs palsy were excluded.

Familiarization was done to the
subjects by demonstrating the technique
using Smart Virtual Physical Therapist

(SVPT) device as well as pinchometer.

Image 1: SVPT Device

Image 2: Pinchometer

Materials and apparatus used:
= SVPT Device (as seen in image 1)
=  Pinchometer (BASELINE®; 12-0226)
(as seen in image 2)
= Goniometer
= Case record form
= Pen
= Paper

DESCRIPTION OF SVPT DEVICE-
SVPT device consists of base unit, sensors
and the mobile application. The application
is connected to the base unit and sensor
through  wireless  connectivity  which
provides visual biofeedback to the patients
and the therapist about the activity. Apart
from pinch grip analysis, SVPT device is
capable of accommodating various other
sensors so that it can manage a variety of
physical therapy regimen.

PROCEDURE

Image 3: Measurement of pinch grip using SVPT device
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Ethical clearance was obtained from
ethical committee of M P Shah medical
college, Jamnagar.

The subject was in sitting position
on a chair with arm rest with O degree
shoulder flexion, shoulder adducted and
neutral rotation with elbow 90 degree
flexed, forearm pronated and wrist in 20
degree of extension. Subject was asked to
hold SVPT device between pulp of thumb
and pulp of index finger, middle finger, ring
finger and little finger and generate
maximum force. Its measurement was
recorded on a Smartphone application in
kilogram. Three recordings were taken with
sufficient rest period of 30 seconds between
them. Best of three was used for final
analysis.  Measurements  were  done
alternately on both hands (as seen in image
3).

Image 4: Measurement of pinch grip using Pinchometer

The same procedure was followed
for pinchometer and three recordings were
taken with sufficient rest period of 30
seconds between them (as seen in image 4).

STATISTICAL ANALYSIS

Data was entered and analyzed in
SPSS wversion 20. Mean and Standard
Deviation (SD) were calculated as a
measure of central tendency and measure of
dispersion respectively. Along with it kappa
statistics was calculated as a measure of
agreement between SVPT device and
Pinchometer.

RESULTS

Table 1: Demographic characteristics of all subjects

Gender Age(yrs) | Height Weight | Body Mass
(meters) | (kg) Index(kg/m?)

Male 19 | 47.77 1.64 66.9 24.71

Female | 21 | (13.36) (0.10) (12.92) | (4.87)

All data are expressed as Mean (SD), N= number of subjects

Table 2: Mean Values and Standard deviation of SVPT Device
and Pinchometer

SVPT Pinchometer
Device(kg) | (kg)
RIGHT INDEX FINGER 1.92+0.72 | 3.02+0.96
HAND MIDDLE FINGER 1.74+0.74 | 287+1.07
RING FINGER 140+0.64 | 2.17+0.85
LITTLE FINGER 111+054 | 161+0.61
LEFT INDEX FINGER 1.84+0.82 | 2.84+0.98
HAND MIDDLE FINGER 1.71+£0.82 | 294+1.23
RING FINGER 143+0.64 | 228+0.76
LITTLE FINGER 1.04+043 | 1.62+047

All data are expressed as Mean (SD)

Table 3: Inter-rater agreement between SVPT device and
Pinchometer

Kappa | 95% CI Strength of agreement
Index finger 0.23 0.14-0.32 | Poor
Middle 0.23 0.14-0.32 | Poor

finger

Ring finger 0.23 0.12-0.33 | Poor

Little finger 0.26 0.15-0.38 | Poor

Right hand Little finger
Right hand Ring finger
Right hand Middle finger
Right hand Index finger
Left hand Little finger
Left hand Ring finger
Left hand Middlefinger
Left hand Index finger

ESVPTDEVICE mPINCHOMETER
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]
2
N
w
%]
N

Graph 1: Comparison of Mean Values of SVPT Device and Pinchometer
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Graph 2: Percentage of people who were able/unable to perform pinch grip with SVPT device or pinchometer

DISCUSSION

The aim of the study was to develop
and validate an instrument (SVPT device)
that can assess the pinch grip strength in
neurological patients with the standard
pinchometer device. The measurements of
SVPT device were recorded on a
Smartphone application.

The results of the present study
shown that SVPT device provides lesser
values than pinchometer because of its
shape and design, and SVPT device is a
valid tool to measure pinch grip strength in
patients having neurological conditions as
they were able to do pad to pad contact on
pressure sensor of the device because of its
more height as compared to pinchometer.
The patients also required assistance to hold
the pinchometer while measuring grip
strength whereas; they were able to do pad
to pad grip with SVPT device
independently.

SVPT Device shows lesser values
than pinchometer because it has more height
than pinchometer and pinchometer has a
surface congruent with the finger pads
which makes it easier to press. But in some
neurological patients it was seen that they
were unable to do pad to pad contact on
pinchometer. SVPT Device  gives
continuous values whereas, pinchometer
gives discrete values.

Though kappa statistic shows poor
strength of agreement between SVPT device
and Pinchometer, the neurological patients

were able to do pad to pad grip with SVPT
device independently whereas it was
difficult for them to do it with pinchometer.
Strength of agreement between the two
instruments may be because of the different
length tension relationship of muscles used
for pinch grip due to difference in pad to
pad distance of both the instruments.

For future recommendations study
can be done by upgrading the shape and
design of the SVPT device. In addition to it
further study can be done with equal
number of patients in each neurological
condition.

CONCLUSION

Development and validation of
Smart Virtual Physical Therapist (SVPT)
Device helps to assess the pinch grip by
providing visual biofeedback using wireless
connectivity as its measurements are
recorded on Smartphone application.
Parallax error occurs when the measurement
on pinchometer is more or less than true
reading because of eye being positioned at
an angle to the measurement markings. But
chances of parallax error reduce in SVPT
Device in contrast to pinchometer.

Smart Virtual Physical Therapist
device can’t be replaceable with the
standard baseline pinchometer to assess the
grip strength. So modification in SVPT
device can provide similar values to
pinchometer. But it is a valid tool to
measure pinch grip strength in neurological
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patients due to greater height of pressure
sensor of SVPT device for pad to pad grip.
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